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SUMMARY

This is a report of work accomplished on one task in the project entitled

Operational Decision Aids, which was initiated in 1974 by the Office of Naval

Research to develop aids for Navy command and control functions and make them

available for incorporation in the design of future systems. In previous work on

the ODA program, ISC developed and tested two interactive methods of selecting

(a) an air strike path through a field of ten enemy sensors and (b) aircraft

speeds on each leg of the path. Both methods were implemented on a computer-

driven, four-color vector graphics display. Utility for each candidate strike

path was computed according to a predetermined utility function; the utility func-

tion was nonlinear and multi-modal. With one method called Operator Aided Opti-

mization (OAO), the operator guided an optimizing nonlinear programming algorithm

toward a solution. With the other method called Iterative Manual Optimization

(IMO), the operator selected a candidate solution and the computer acted as a

calculator by calculating and displaying the solution's utility. The operator

then modified the previous solution in light of what was learned from seeing

its utility. The process was repeated until the operator was satisified with the

utility score achieved. An experiment using sixteen college students as subjects

did not conclusively demonstrate that OAO was superior to IMO for problems having

the relatively low level of complexity of the experimental problems.

The initial phase of the work reported in this document was a continuation

of the previous work. ISC's aim was to develop and experimentally test OAO- and

IMO-type aids that would account for most of the complexity of real-world problems

by treating most of the problem factors, decision dimensions, and utility dimensions

currently deemed important by air strike planners. Inputs about air strike plan-

ning needs and perspectives were obtained by visits to strike planners at Lemoore

and Whidbey Island Naval Air Stations in October and November 1980 respectively.

Strike planners from these Naval Air Stations also visited ISC in March 1981 and

exercised on ISC's display system the operational software that had been develop-

ed up to that time. The report documents the concept and software that were de-

veloped for the liboratory version of the Air Strike Planning System (ASPS).

-iii-



ODA funds for FY 81 and future years were reprogrammed in early 1981. A

result of this action was that ISC received direction to devote its remaining

contract effort to planning the modification and transfer of the developed

technology to a fieldable desktop version of ASPS. Consequently, ISC developed

during the second phase of its work a concept for a fieldable version of ASPS

that can be evaluated at the squadron level. That concept is documented in this

report.

During the latter stages of work, ISC concentrated on two key problem

areas for a future effort to develop a fieldable planning aid for evaluation.

The first of these involves the following:

I. Storing the digital terrain data that would be needed to
represent real maps.

2. Development of an algorithm or modification of an existing
algorithm for efficiently calculating terrain masking of
hostile weapons/sensors at specified aircraft altitude
levels above ground level.

ISC determined that digitized map products derived from the Defense Mapping Agency's

Digital Landmass System (DLMS) Data Base are available and applicable to ASPS. The

report describes several algorithms that have been developed for other programs for

calculating terrain masking around a given point.

The second key problem is selecting the most cost-efficient computer and

display system for implementing the system concept. ISC analyzed the capabilities

of state-of-the-art graphics displays. A combination of a Megatek 7250 display and

a Digital Equipment Corporation MINC 11/23 desktop computer was judged to be the

best hardware available for a desktop version of ASPS.

Development of a highly interactive ASPS is recommended because ASPS will

enable planners to use their time more efficiently than is possible with current

manual procedures and because cost of ASPS development and purchase will be low.

Low development cost is attributable to the fact that much of the design work has

already been done. Low purchase cost is due to the recent arrival of exception-

ally powerful, low cost desktop computers on the market.
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1.0 INTRODUCTION

This report documents the results of a two-phase effort to field a

desktop version of an interactive air strike planning system (ASPS) for eval-

uation at the squadron level. The initial phase of this work was a contin-

uation of a multi-year participation by ISC in the Operational Decision Aids

program of ONR. Effort was directed during the second phase toward a

concept design that adapted a subset of the laboratory ASPS capability

into the physical and computational constraints of a fieldable and relatively

inexpensive desktop ASPS.

1.1 BACKGROUND

This is the sixth report by Integrated Sciences Corporation (ISC)

as one of a group of contractors working on the Operational Decision Aids

(ODA) program directed by the Office of Naval Research. The ODA program

was initiated in 1974. Its intent is to develop a variety of decision

aids and test and evaluate their usefulness to the Navy. Although the

program is not tied to any specific command and control hardware system,

it has focused on the functions of a Task Force Commander (TFC) and his

staff. The role of ISC has been to find ways to improve user/machine

communication by allocating functions between userand machine that take

advantage of their respective strengths.

Under a previous contract ISC developed aids that were used to test

the ability of humans to perceive complex functional relationships presented

in geometric/graphical format (References 1, 2, and 3)on a computer-driven

color display. The problem situation for which the aids were developed was the

selection of (a) an air strike route through a field of multiple enemy sensors

and (b) aircraft speeds on each leg. (Hereafter in this report, the selection

of aircraft flight parameters is abbreviated to "route planning.'')

One of the ISC-developed aids was called Operator Aided Optimization

(OAO) using a Nonlinear Programming (NP) algorithm or OAO/NP. For the

OAO/NP aid, the operator controls the algorithm by:
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i. Choosing a starting point for the algorithm.

2. Stoppng the optimization process of the algorithm when the

utility calculated by a mathematical utility function shows

diminishing returns versus time.

3. Selecting a new starting point in another region of the solution
space.

Another mode of aiding tie operator, Iterative Manual Optimization (IO), was

also developed. With 1110, an operator inputs a solution consisting of the

route legs and speeds on each leg. The computer then calculates and displays

the solution's utility and does nothing more until the next change to the route

is input by the operator. Thus, with IMO, the computer acts as a calculator

and all optimization is done by the operator.

An experiment was performed to determine how closely operator perform-

ance using IMO on a set of experimental problems would match performance

using OAO/NP. The experiment was aimed at shedding light on the question

of the importance of an optimizing algorithm as part of an aid to solving

a problem having a multimodal, unsymmetric, nonlinear criterion function.

The results showed that operators using IMO achieved an average score

of 98.1 utility points by the end of the 15-minute experimental problems,

whereas the average score was 99.4 using OAO/NP. The inference drawn from

these results was that an optimizing algorithm does not greatly improve

performance for problems having the level of complexity of the experimental

problems. However, even for problems of this moderate complexity, use of

an optimizing alqorithm is worthwhile if its software cost is low and there

is wide agreement among operators about the form and specific parameters

of the utility function. The reason is that operators prefer using an

algorithm because it makes the task simpler and less tiring.
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In many situations where a planning aid will be useful, it will not

be possible to pre-specify a universally acceptable form and parameters of

a utility function because:

1. The importance of utility dimensions will vary from
one tactical situation to another in the mind of a
single decision maker.

2. Different decision makers will have different perceptions
of what constitutes utility.

It is natural to ask whether optimizing algorithms have a place in aids for

these situations. ISC believes they do. Our reasoning begins with the idea

that, in these cases, the planning aid must be designed to do one of the

following:

1. Allow the operator to select utility dimensions to

be included in an overall criterion and to specify
mathematical forms for combining dimensions and
weights for each dimension. (It's difficult to do this
well.)

2. Be free of machine calculation of an overall utility
value. (The operator mentally combines the values

along the utility dimensions.)

If (1) above is successfully implemented with mathematically tractable func-

tions to the satisfaction of end users, then it is certainly reasonable

to allow operator guided use of a general purpose optimizing algorithm.

If (2) above is the more desirable approach, then it is reasonable to

allow the operator to guide an optimizing algorithm along a single utility

dimension at a time and let values along other dimensions fall where they

may. In this case the operator can converge on the best solution across

multiple utility dimensions through an iterative process.

1.2 CURRENT WORK

The real world of air strike planning is more complex than the

problem used to compare the OAO and IMO concepts. Important real-world

considerations are listed below:
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Problem Factors

* capabilities and location of enemy sensors

* capabilities and locations of enemy missiles

* capabilities of enemy fighters and locations of their bases

* capabilities and locations of enemy anti-aircraft guns

* change in location of enemy defense forces during the flight
time of the air strike

a terrain topography

Decision Dimensions Utility Dimensions

" x,y locations of path legs 9 expected damage tostrike aircraft due

" speed on each leg to enemy defenses

* altitude on each leg 9 probability of strike riissinn success

* when to use on-board jamming * distance between target and strike
equipment aircraft when cumulative detection

• where to direct use of electronic probability exceeds xg

warfare aircraft

* weapon and fuel loading

* when and where to use standoff anti-
radar weapons

The IMO and DAO aids tested in the previous work did not account for all of

these dimensions. Consequently, the following question arose:

Is the small magnitude of the performance difference
between IMO and OAO observed in the study due to the
relative simplicity of the problems to be solved?

This question may be put another way:

How will the d'fference in operator performance
using IMO- and OAG-type aids change as the dimensions
of the problem, decision, and utility function increase?

-4-



Performance data from aids and experiments designed to answer this question

could be important evidence supporting a decision by R&D program managers

to concentrate future efforts on developing one of the aiding concepts in

preference to the other.

Consequently, the original aim of the current work was to develop

and experimentally test OAO- and IMO-type aids that would account for most

of the real-world problem factors, decision dimensions, and utility dimensions

currently deemed important by air strike planners. ISC project members

visited A-7 and A-6 strike planners at Lemoore and Whidbey Island Naval Air

Stations in October and November 1980 in order to gain understanding of the

route planning problem as the planners see it. We also obtained inputs

concerning the planners' preferences for features and characteristics of an

aid. This information provided much of the basis for our initial concept

for an air strike planning aid (Reference 4).

ODA funds for FY 81 and future years were reprogrammed in early 1981.

The ISC air strike planning concept and software are applicable to a current

fleet need; consequently, ISC received the direction to devote its remaining

contract effort to planning the modification and transfer of the developed

technology to a fieldable desktop Air Strike Planning System.

Our initial concept for the aid was modified as a result of additional

information obtained from strike planners in February and March. A major

new input was received from Marine Corps aviators at Quantico in February.

They stressed the need for an aid to planning and coordinating actions in

the target area. This idea had been mentioned previously at Lemoore and

Whidbey, but it had not been stressed. Additional inputs were received from

strike planners who visited ISC in March, reviewed our concept, and exercised

on our display system the operational software that had been developed up

to that time. The reviewing officers were strike planners from Lemoore

and an A-6 strike planner and an EA-6B crew member from Whidbey. The major

new input from these visits was the desirability of having the aid show a

dynamic replay of an alternative. As before, this feature had been mentioned

earlier by strike planners, but it had not been stressed.

-5-
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During the latter stages of work, ISC concentrated on two key problem

areas for a future effort to develop a fieldable planning aid for evaluation.

The first of these involves the following:

1. Storing the digital terrain data that would be needed to
represent real maps.

2. Development of an algorithm or modification of an existing
algorithm for efficiently calculating terrain masking of

hostile weapons and sensors at specified aircraft altitude

levels above ground level.

The second key problem is selecting the most cost-efficient computer and display

system for implementing the system concept.

Section 2 of this report contains our concept for an Air Strike Planning

System (ASPS) that embodies most of the features recommended by the Naval

and Marine Corps air strike planners consulted by ISC. Elements of this

concept have been translated into operational software; these elements are

noted in Section 2. Section 3 contains the results of our investigations into

the two key problems summarized in the previous paragraph. Our recommendation

for development of a highly interactive Air Strike Planning System (ASPS) is

in Section 4. Documentation of software developed during this project is

presented in the appendices.

-6-

., ...



2.0 CONCEPTS FOR AN AIR STRIKE PLANNING SYSTEM (ASPS)

A concept and software for a laboratory version of an air strike plan-

ning system were developed during the initial phase of the contract. The

laboratory version was to be used to test hypotheses about the performance of

planners on problems that were virtually as complex as real planning problems.

The most important results of the tests were expected to be the comparisons

between performance using iterative manual optimization and operator aided

optimization. The concept for the laboratory version of ASPS is documented in

Subsection 2.1.

A fieldable ASPS for evaluation by an operational squadron requires

capabilities that are not needed for the laboratory tests. The most important

such capability is representation of actual terrain on the system's computer-

driven display. Subsection 2.2 describes:

I. Capabilities that would be different in the fieldable version
from the laboratory system described in Subsection 2.1.

2. Capabilities that strike planners desire but that are not needed
to test hypotheses about OAO and IMO in a laboratory experiment.

2.1 CONCEPT FOR A LABORATORY VERSION OF ASPS

Elements of the concept which have been implemented in operational soft-

ware at ISC are indicated by an asterisk within parentheses preceding the appli-

cable concept elements, i.e., (*). The software structure and data file structure

for these concept elements are discussed in the appendices. The data file

structure for the completed ASPS system will be enhanced to allow for additional

capabilities, but we expect its basic structure to remain the same.

The hardware for the laboratory version of ASPS includes a Sperry Univac

V-73 minicomputer, a four-color vector graphics display, a 32-key special

function keyboard, and a trackball. The special function keys and trackball are

the instruments which allow the planner to communicate with the computer. Their

specific uses are explained in detail below.

-7-



2.1.1 Problem Setup and Controls

() 2.1.1.1 Terrain Modeling; Modeling and Plotting Enemy Defenses. Scenario

terrains will be developed off-line and stored in the computer. Terrain features

will include:

I. Four Above-Ground-Level (AGL) values of altitudes

2. Cities

3. Forests

4. Lakes

5. Roads

(*) Locations of radar, missile, and anti-aircraft (AA) gun sites will also

be stored with terrain. Contours of what can be seen for each AGL on a line-of-

sight basis from each radar, gun, and missile site will be stored and displayed

on operator request. The composite contours of what can be seen for each of the

four AGL's will also be stored for the group of radars, the group of missile

sites, and the group of AA gun sites.

() Each element of terrain and displayed information about defenses will

have a display "priority" code attached to it. These are:

PRIORITY I PRIORITY II PRIORITY III

Terrain features Visually significant Detectability contours for
points radars

Radar sites Radar significant points Reachability contours for.
missiles and AA weapons

Missile sites (These are inputs by the
operator. See Section
2.1.2 on Variable Back-
ground)

Priority I information will always be displayed. Priority II and Priority III

information will be displayed by operator command.

-8-



() 2.1.1.2 Beginning Operations. At the beginning of system operation,

the following menu appears:

"Select MAP I

2

3
4"

The operator indexes a cursor to the desired map and then pushes ACCEPT. The

screen shows Priority I information, namely, the radar and missile sites, and

the physical terrain.

(*) After selecting the map from the menu, the operator uses the number pad

to input the plan number. 2  (See Figure 1.) A message indicating the number of

alternative plans already stored appears below the screen. For each map, Plan 1

is always the basic map without significant points or path. (If only the map

exists without any plans, then the user will not be asked for a plan number but,

instead, will be placed in the Director Mode). After inputting and accepting

the plan number, the path and significant points will be displayed. The user is

now in the Director Mode.

() 2.1.1.3 Director Mode. The Director Mode controls the flow of the pro-

gram as specified by the operator. The active special function keys are lighted

and await a user response. The key pressed specifies the next activity to be

worked upon by the operator.

(*) Throughout all procedures, the latitude and longitude position of the

cursor will be displayed whenever the cursor appears on the screen. Only those

keys which are lighted will be active at any time during the flow of the program.

IThe number of maps available is limited only by computer memory.

2A plan is defined to be a path, speed, and altitude for each aircraft

type in the strike plan. The plan for strikes including EA-6B aircraft in-
cludes the points in the path where electronic warfare equipment is turned
on.

-9-
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2.1.1.4 Initialization. The user is given the opportunity to initia-

lize certain constraints and inputs in the program such as fuel allocation,

amount of fuel at recovery, and local time at beginning of the mission. There

is an INIT key if he wishes to make changes; otherwise, default values will be

used.

(*) 2.1.1.5 Screen Layout, Symbology, and Special Function Keys. Figure 2

shows the preliminary screen layout for the system. The display screen is laid

out with the map in the center and miscellaneous information around the sides.

The miscellaneous information includes menus, task and error messages, latitude

and longitude position of the cursor, the current mode, a table of leg speeds

and AGL's along the path, and other pertinent information. Table 1 describes

the symbol and line conventions used in the ASPS program. Figure 3 shows the

layout of the special function keyboard.

2.1.2 Variable Background

(*) The user is given the capacity to add elements which he considers impor-

tant to the map. There are two types of these, namely, radar significant points

(RSP) and visual significant points (VSP). The RSP's are points detectable by

radar and VSP's are points that can be seen visually. These types of points

might be relevant when selecting the path to and from the target area.

(*) When the operator presses SIGNIFICANT POINTS key, a cursor appears on

the screen and is maneuvered with the trackball. All radar significant points

are located, followed by visually significant points. The operator moves the

cursor to the desired location and presses the ACCEPT key. An "RO" appears at

that position. He moves the cursor to the location for the next radar signi-

ficant point and ACCEPTs, which displays an "RI". This process continues up to

a maximum of ten radar significant points. If the RETURN key is pressed before

ten radar significant points are located, the user will then be asked to locate

the visually significant points.
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Figure 2. Preliminary Screen Layout for the Air Strike Planning
System (ASPS).



Table I. TABLE OF SYMBOLS

Symbol/Line Type Description Color

Launch Point Red

Target point Red

Recovery Point Red

0 Way Point Green

SAM Site Orange

Sensor Site Orange

Ri i = 0,...,9 Radar Significant Point Yellow

Vi i = 0. ... ,9 Visually Significant Point Yellow

Cursor Yellow

Solid Line Path Green

Dash-Dot Line Line Connecting Range Red

and Bearing Reference
Point to Cursor

Dashed Line Sensor Contours Red

Dash-Dot Line Shoreline Green

Dotted Line Hills Yellow

Dash-Dot Line City Yellow
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(*) The process for visually significant points is the same as for radar

significant points. A "VO", "VI", etc. appears on the screen identifying the

locations of the visually significant points. Pressing the RETURN key will

return control to the Director Mode.

2.1.3 Path Manipulation - IMO

This section describes how to change the path and path features. The

basic idea is to find the path which yields the best value of the figure of

merit (FOM) and satisfies the fuel constraint. The system enables the user to

alter the route, speed, and AGL along the route until an acceptable FOM is

determined. The FOM is calculated by use of the EVALUATE key.

() 2.1.3.1 Key "LTR". There is a key "LTR", which stands for Launch Point,

Target Point, Recovery Point. When this key is pressed, a message appears below

the map:

LOCATE LAUNCH POSITION WITH CURSOR.

PRESS 'ACCEPT' KEY WHEN CURSOR IS OVER DESIRED POSITION.

A cursor is moved to the desired launch point and accepted with the ACCEPT key.

A symbol "L" will appear for the launch point.

() Similarly, this procedure is followed in turn for the target and recovery

nodes with the appropriate change in the message. A "T" appears to identify the

target point and an "R' for the recovery point.

() After locating the recovery point, a line connecting the route from

launch to target to recovery is displayed. A Leg/Speed/AGL Table appears, in-

dicating the speed and altitude for each respective leg. The default values

are 360 knots at 500 feet.

() After the recovery position is identified, a menu appears that enables

the user to specify the type and quantity of stores carried by the aircraft.

The menu has the following options:
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" 500 lb Bomb

* l000 lb Bomb

o Missile

o Fuel tanks"

The user ACCEPTs he desired type of store from the menu and then uses the number

pad to describe the quantity to be carried on the mission. The number selection

then appears to the right of the menu item. When the user presses the RETURN

key, the numbers of each desired store type are entered in the master data file.

If the user wishes to change the quantity of a previously selected type, then

the user indexes to the desired type and enters the desired quantity on the number

pad. This overrides the previously stored number.

(*) 2.1.3.2 Key "CHANGE PATH". The CHANGE PATH key allows the user to select

a waypoint that he intends to alter. The following message appears:

-- SELECT NODE --

USE TRACK BALL TO POSITION THE CURSOR OVER THE
DESIRED NODE AND PRESS THE 'ACCEPT' KEY.

Figure 4 shows a path which has been manipulated using the CHANGE PATH mode.

(*) A cursor which is moved by the trackball appears in the scenario. When

the cursor is moved over one of the nodes, the node blinks and the ACCEPT key

is activated. Pressing the ACCEPT key displays the menu:

" Add Node

o Delete Node

* Move Node

* Change Leg Speed

* Change Leg AGL

* Change Stores"

A menu cursor moves to the next option in the list each time the REJECT key is

pressed. When the cursor is at the option desired, pressing the ACCEPT key will

select it. The only option available for the recovery node is "Move Node." The

CHANGE PATH key is active only if the launch, target, anO recovery points exist.
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(*) Add Node

When this option is selected, a new waypoint appears halfway between

the current node and the next along the flight path. Also, a position in the

Leg/Speed/AGL Table appears for the leg following the new waypoint. (See

Table 2 for an illustration.) In general, this is used in conjunction with Move

Node to position the new node. After a node has been added, the user returns

to CHANGE PATH.

() Deleting the last selected node can be accomplished by ACCEPTing the

Delete Node option from the menu. This causes the node to be deleted, the

path connected to its neighboring nodes, and the corresponding leg eliminated

from the Leg/Speed/AGL Table. (See Table 3 for an illustration.) The Launch,

Target, and Recovery points cannot be deleted. Immediately after Delete Node

is ACCEPTed, the user returns to CHANGE PATH mode.

Table 3. Illustration of What Happens When a Waypoint is Deleted.

OLD TABLE NEW TABLE

(Node 3 is to be deleted.)

Leg Spanning Waypoints Speed AGL Leg Spanning Waypoints Speed AGL

I NI - N2  480 500 I NI - N2  480 500

2 N2 - N3 300 200 2 N2 - N4  300 200

3 N3 - N4  360 10 3 N4 - N5  420 500

4 N4 - N5  420 500

N* Move Node

When this item is accepted from the menu, the node to be moved remains

blinking and a message below the scenario appears:

-- MOVE NODE --

MOVE NODE TO DESIRED POSITION AND PRESS 'ACCEPT.'

'RETURN' KEY REPOSITIONS NODE TO INITIAL LOCATION.
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Table 2. Illustration of What Happens When a Waypoint is Added.

OLD TABLE (A new node is to be added between
nodes 3 & 4.)

Leg Spanning Waypoints Speed AGL

1 NI - N2  360 1000

2 N2 - N3 420 500

3 N 3 - N4  480 200

4 N - N 540 1000
4 5

NEW TABLE

Leg Spanning Waypoints Speed AML

1 N -N 2  360 1000

2 N -N 360 1000
2 3

3 N - N 480 200
3 3.5

4 N3. 5 - tj4  480 200

5 N4 - N5  540 1000

(:*) If an attempt to add a node too close to neighboring nodes is made,

an error message appears:

-- ERROR --

AYPOINT NOT ADDED SINCE IT LIES TOO CLOSE TO

SURROUNDING WAYPOINTS!

PRESS 'RETURN' KEY TO CONTINUE...

( ) If an attempt is made to add more than ten way points, the following

error message appears:

-- ERROR --

THE MAXIMUM ALLOWABLE WAY POINTS -10- HAS

BEEN EXCEEDED.

PRESS 'RETURN' KEY TO CONTINUE...

If either of these messages appear, pressing RETURN automaticaIly puts the

user into CHANGE PATH mode.
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The node can be moved around the map with the trackball. Pressing the ACCEPT

key fixes its location and returns the user to the CHANGE PATH mode. If the

user moves the node but wishes to return it to its original position, then the

RETURN key should be pressed. The node will return to its starting position

and the user will be in the CHANGE PATH mode.

(*) Change Leg Speed

When this option is ACCEPTed, the leg, preceding node, and corresponding

entry in the Leg/Speed/AGL Table will blink and the following menu appears:

"e SPEED I = 300 KNOTS

SI1 = 360

SIII = 420

* IV = 480

0 V = 540"

When the desired speed for that leg is ACCEPTed, the Leg/Speed/AGL Table will

reflect the change in its corresponding entry, and the user is returned to the

CHANGE PATH mode. If no change is desired, the RETURN key puts the user into

the CHANGE PATH mode.

.(*) Change Leg Altitude

This procedure is very similar to Change Leg Speed. The following menu

appears:

"e AGL I = 250 FEET

* 11 = 500

0 111 = 750

* IV = 1000"

1Pilots almost exclusively use integer multiples of 60 knots because time

and distance calculations are simple to make. For example, 480 knots corresponds
to eight nautical miles per minute. If a leg is 36 hiles long, the time between
turning points is 4 1/2 minutes. During the mission the pilot can therefore use
his watch as an aid to determining when to turn. Thus, integer multiples of
60 knots are the only planning choices needed for thel aid.
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When an item is ACCEPTed, the corresponding altitude entry in the Leg/Speed/AGL

Table is changed and the user returns to the CHANGE PATH mode. Pressing the

RETURN key leaves the altitude unchanged and returns the user to the CHANGE

PATH mode.

2.).3.3 Inputs for Electronic Warfare (EW) Aircraft. Key "EW A/C"

brings up the following menu:

"ROUTE

* Same Route as Attack a/c

* Different Route"

If the operator ACCEPTs "Same Route," then the program will check that speed con-

straints are not violated and store the same route for the EW aircraft as already

planned for attack aircraft. If operator ACCEPTs "Different Path," then the

operator defines the EW aircraft route in the same way as was done for the strike

aircraft. At any point along the route the operator may activate or deactivate

electronic warfare equipment aboard the EW aircraft. The program calculates the

degradation effect of this equipment on each enemy defense system and the joint

effect on overlapping systems.

2.1.3.4 Key "EVALUATE". There is an EVALUATE key. The user selects

with the cursor, the beginning and ending node for which a Figure of Merit (FOM)

will be calculated. The computer then calculates the value of the FOM for the

user's Iterative Manual Optimization (IMO) solution and displays the local time

of arrival at each waypoint, the fuel consumed for each leg, and the FOM for

each leg.

2.1.4 Operator Aided Optimization (OAO)

2.1.4.1 Overview of OAO. Instead of using the IMO trial-and-error method

of finding the best path, speed, and AGL to the target, the operator can have the

computer use dynamic programming procedures to calculate the optimal route. First,

the user defines a corridor boundary within which the optimization is to occur.
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Next, a grid whose size is determined by the operator, is superimposed over the

region. Finally, constraints on the speed and AGLs over the region being opti-

mized are input by the operator. The optimal route between grid points for the

given constraints is calculated and displayed by the computer. The operator can

then modify the route (with the CHANGE PATH key) to make it practical, yet follow

the guidelines set by the optimal path. This user/machine interaction has led

to the name "operator aided optimization." The operator can use the AFOM key to

ask the computer to define a region within which the routes are less than optimal,

but still within an acceptable percentage of the optimal FOM.

2.1.4.2 Key "OPTIMIZE". The following, (a) - (d), happen in sequence:

(a) ''Corridor Boundary"

The user first must select an entry and exit node on an already-defined

route. A closed contour is drawn using the trackball and ACCEPT key. The entry

and exit nodes exist along the boundary. When the contour is finished, the mes-

sage, "Accept or Reject Corridor," appears. If the operator presses REJECT, the

boundary is erased from the screen and the user must define a new corridor. If

the ACCEPT key is pressed, then the corridor is set and the user then proceeds

to the next step.

(b) "Grid Size"

The operator must now select a grid size from the following menu:

"e Coarse

e Medium

* Fine"

The coarse size yields a solution which is obtained more quickly but is less

precisely optimal than the others. Now the user must specify the speed con-

straints.
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(c) "Speeds"

The following menu appears:

"e 300

* 360

* 420

* 480

* 540"

All speeds ACCEPTed are considered by the dynamic programming algorithm when

it is calculating the optimal solution, i.e., different legs may have different

speeds, chosen from the list of ACCEPTed speeds.

(d) "AGL' s"

A menu of AGL's now is displayed. All AGL's ACCEPTed by the operator

are considered by the dynamic programming algorithm when it is calculating the

optimal solution.

The computer now calculates and displays the optimal plan between the

corridor entry and exit points for the set of constraints (corridor boundary,

grid size, speeds, and AGL's). The display shows the route, AGL for each leg,

speed for each leg, and the cumulative values of the Figure of Merit (FOM) at

the end of each leg. The "optimal" plan will usually not be one that is practi-

cally navigable from a strike leader's point of view. Therefore, the planner

must now input a modified plan. This is done by entering the CHANGE PATH mode

and inputting a feasible approximation to the "optimal" plan.

2.1.4.3 "AFOM". Pressing this key brings up the prompt, "Use number

pad to input acceptable degradation percentage in FOM." When the user has in-

put the desired percentage, the computer calculates and draws the boundary

around the region that contains solutions whose FOM values lie between (a) optimal

and (b) optimal - AFOM.
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2.1.5 Operator Aids

The ASPS program provides several operator aids to be used when needed.

They don't affect the analysis but will be useful as aids for planning the

airstrike. These aids can be categorized into two groups: modal and non-modal.

(*) The non-modal aids are the R&B key and DECLUTTER key. The R&B key allows

the user to identify the distance and angle of the cursor from a reference point.

The DECLUTTER key allows the user to blank out contours and/or significant points

from the screen.

The modal aids are the Histogram Mode and Contours Mode. The Histogram

Mode shows a histogram of the fuel consumed and FOM for each leg along the

flight path. The Contours Mode allows the user to display contours that show

for a desired AGL the outer limits of defense capability for hostile sensors,

surface to air missiles (SAM's), and anti-aircraft (AA) guns.

() 2.1.5.1 Key "R&B". The RANGE/BEARING key is active whenever the operator

is in the mode that uses the cursor. The following message appears:

Above the scenario:

RANGE = MILES

BEARING = DEGREES

Below the scenario:

-- RANGE AND BEARING --

SELECT REFERENCE POINT WITH CURSOR

PRESS 'ACCEPT' KEY TO FIX REFERENCE POINT

PRESS 'RETURN' KEY TO EXIT.

The cursor is moved with the trackball to the desired reference point and the

ACCEPT key is pressed.

(:) As the cursor is moved, a line is attached from the reference point to

the cursor. The range (in nautical miles) and bearing (from north) are measured

from the cursor to the reference point and are continually updated and displayed.
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This process continues as the user proceeds in the mode from which RANGE/BEARING

was called. The range and bearing are turned off when the cursor position is

ACCEPTed or the mode has been exited. If the user is in the CHANGE PATH mode

and has selected the "Move Node" option, the displayed range and bearing figures

are calculated from the moving node instead of the cursor. (See Figure 5.)

() 2.1.5.2 Key "DECLUTTER". There is a "DECLUTTER" key. This key allows

the user to display selected contours and significant points. The "Declutter

Key" works on a cycle of four presses. Each press will, in turn, perform the

following functions:

1. Shows Terrain, Significant Points and Contours

2. Shows Terrain and Significant Points

3. Shows Terrain and Contours

4. Shows Terr.ain Only.

2.1.5.3 Key "HISTOGRAM". After the computer has calculated the value of

the FOM for a plan, the user may choose the histogram option by pressing the key

with this name. The histogram will graphically convey to the user the value of

the FOM and the fuel consumption for each leg.

2.1.5.4 Key "CONTOURS". This key enables the operator to see displays of

defense capability contours. The options are given on the following menu:

"Select Contour Option

* Sensors

* SAM/AA

e Both

* Compositb

* Composite, SAM, AA"

After selecting the option, the operator uses the number pad to select an

AGL between I and 1j. Figure 6 shows contours for both SAM and sensor sites. If

no contour exists for a particular option at a certain AGL, the program returns

to the Director Mode.
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Sensors Option - This allows the user to select individual sensors to

display or turn off their contours, or to turn on/off all the contours.

SAM/AA Option - The user sees all threat level contours for each of the

SAM/AA sites at the given AGL.

Both - This is a combination of the above two options.

Composite - This shows the composite contours for all the sensors.

Composite, SAM, AA - This option displays the composite along with the

SAM and AA contours.

2.1.6 Data File Communication

(*) The following keys are the only keys which interact with data files

stored on disk. The STORE key takes the current plan and puts in onto disk,

the RECALL key brings up a previously constructed plan from disk, and the EXIT

key updates the Admin data file (see Appendix B).

(*) 2.1.6.1 Key "STORE". Pressing this key allows the user to save work

done. When this key is pressed, a message appears below the screen indicating

the available plans and the current plan number. "Plan" 1 is restricted to be

the map only and is not available for storage. As many as five plans for each

map can be saved. Caution: If a plan is stored in a plan number which is

different from the one where it was recalled, then information previously resid-

ing in the second plan location will be lost. For example, if a plan is recalled

from plan location #2, revised, and stored in plan location #4, then information

previously stored in plan location #4 will be lost.

(*) 2.1.6.2 Key "RECALL". There is a RECALL PLAN key. When this key

is pressed, the following message appears:

LAST PLAN IS NUMBER (e.g., 4)

BEST PLAN IS NUMBER (e.g., 3)

SELECT PLAN (l-N) USING NUMBER PAD
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N is the number of plans available for recall. The operator uses the number

pad to select the plan number he wants to see. The procedure is similar to

that described in Subsection 2.1.1, Beginning Operations. If the RETURN key

is pressed, the previous plan is displayed.

(*) 2.1.6.3 Key "EXIT". The EXIT key is used at the conclusion of the plan-

ning session. It serves two purposes:

1. To allow for normal termination of the ASPS program

2. To update the "Admin" data file.

It is important to use this key when finished, otherwise the next planning session

may not properly reflect the current session's work.

2.1.7 System Calculation Capability

The system will have the following calculation capabilities:

1. Fuel consumption for a particular aircraft will be calculated as a

function of speed, altitude and drag count for each leg of a route. (The model

for this is obtainable from COMLATWING at Lemoore NAS.)

2. System will calculate time of arrival at each waypoint in terms of

local time and time from launch.

3. The Figure of Merit (FOM) will be calculated for each user-input (IMO)

solution. This will include times of arrival of waypoints, FOM for entire route,

and elements of FOM (e.g., probability of survival) for each leg of a route.

4. System will compute the joint capability of enemy search radars at

any point on the terrain.

5. System will compute the joint capability of enemy missile sites at

any point on the terrain.

6. System will compute the joint capability of enemy AA guns at any

point on the terrain.
1

7. System will compute degradations to radar and missile performance as

a function of EW aircraft position over time of mission.

IThe dimensions of capability for each type of defense site are a matter
to be decided in consultation with end users.
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8. System will compute the dynamic programming solution between a

user-designated pair of points after the user has input the constraints.

9. System will use the dynamic programming algorithm to compute and

display the corridor containing solutions AFOM poorer than the "optimal" solu-

tions.

10. System will store the four most recent solutions and the best solu-

tion to date.

2.2 CONCEPT FOR A FIELDABLE VERSION OF ASPS

As noted earlier, this subsection describes:

1. Capabilities that would be different in the fieldable version from
the corresponding capabilities in the laboratory version described in Subsection
2.1. Consequently, descriptions of capabilities which would be the same in the
fieldable version as in the laboratory version are not repeated here.

2. Capabilities that strike planners desire but that are not included
in the laboratory version because they are not needed to test hypotheses about
OAO and IMO in a laboratory experiment.

2.2.1 Problem Setup

2.2.1.1 Type of Scenario. At the beginning of a session, the planner

will see a prompt on the display:

"Type of Scenario

" Land Target

* Sea Target"

If a land target is ACCEPTed via the function keyboard, then the planner proceeds

to select the desired map and then performs the initialization step covered in

Subsection 2.2.1.2.

If a sea target is ACCEPTed, the user must then establish an enemy order

of battle. This is done by selecting an enemy ship type from a menu and then

positioning the symbol for that type on the display with the display peripheral,

e.g., trackball or joystick. The latitude/longitude readout of the symbol at

the lower right of the display will enable the planner to position the ship.

This process is repeated for eachship in the enemy formation or disposition.
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The planner may now define single-ship movements or the movement of

a multiple-ship formation. To define a single-ship movement, the planner lo-

cates nodes of the route with the trackball or joystick. When the route is

completely drawn, the arrival time at each node is selected by inputting a

speed of advance in knots on the number pad. To define a formation movement,

the planner first designates the members of the formation with the trackball

or joystick and then designates the formation guide. The formation route is

drawn from the location of the formation guide in the same manner as for a single-

ship movement and foramtion speed is also specified the same way. Routes paral-

lel to the guide ship are automatically defined for the other ships in the for-

mation.

2.2.1.2 Initialization. The locations of enemy airfields are added

to the terrain data in the appropriate map file. Types of interceptors at each

airfield are stored and associated with the airfield's location. All other

elements of initialization remain the same as defined for the laboratory version

of ASPS.

2.2.1.3 Digitized Maps. The Defense Mapping Agency (DMA) has digitized

map products (Reference 5). Off-line processing of this digitized data would

be done using an already-available algorithm to calculate and store topographic

contours and coastline for a region of interest. Thus, when a planner requests

a particular map and scale, the display shows the topographic contours for the

region. (Subsection 3.1 has additional information about DMA map data and their

algorithm that calculates topographic contours.)

2.2.1.4 Display of Terrain Features and Defense Capability Contours.

The contours for roads, rivers, lakes, and cities in a region of interest will be

drawn off-line prior to a planning session and the points defining Chose contours

will be superimposed on the topographic contour data. Radar significant points

(RSP's) and Visually Significant Points (VSP's) with user-defined labels such

as VSP3 will be designated either off-line by an operations or intelligence

STower I)

-31-



staff member or on-line 6y the planner. They will be superimposed on the other

terrain data.

Calculations of each site's defense capability contours will be based

on the site's basic range envelope and the effects of terrain masking around the

site. The calculation will be done on-line providing that the execution time

does not cause a significant delay for the planner. However, calculation and

display of joint capability contours for multiple sites will be done on-line.

(Several algorithms for calculating terrain masking from a particular point using

DMA data are available. See Subsection 3.1 for additional information.)

2.2.2 Variable Background

The variable background elements for the laboratory version of ASPS are:

* Visually significant points (Declutter priority 11)

* Radar significant points (Declutter priority II)

* Detectability contours for radars (Declutter priority III)

9 Reachability contours for missiles (Declutter priority III)
and AA weapons

For land targets, the fieldable version of ASPS will have a display of a reach-

ability circle around each enemy airfield that corresponds to the combat radius

of the interceptor type designated at that airfield. For the war at sea scenario,

the display will show the detectability contours for seaborne radars as a func-

tion of altitude and the reachability contours for seaborne guns and missiles.

Both displays will have declutter priority IlI.

2.2.3 Route Planning

The first step in the route planning process will be designation of air-

craft type used on the route. The alternatives available in a production version

of ASPS would probably include all tactical aircraft in the Navy's inventory. A

lThe dimensions of capability for each type of defense site are a matter
to be decided in consultation with end users.
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version for field test and evaluation would probably include a subset of these,

such as A-6, A-7, and EA-6B. Depending on the type selected, the user will next

designate the mission, e.g., attack or tanker. (The mission is automatically

electronic warfare when EA-6B is selected.) When the tanking mission is selected,

the tanker aircraft automatically receives a standard fuel load and weapon stores

(if any) for that mission.

If the attack mission is designated, then the next step is selection of

stores. Again, a production version of ASPS would probably include all stores

available for the aircraft types handled by the aid. A version for field test

and evaluation would probably have a subset of these, such as 500- and 1000-pound

bombs, an air-to-surface missile, external fuel tanks, and an anti-radar missile

(ARM's). All of the above steps are performed using the function keyboard and

displayed menus in the same manner as described in Subsection 2.1.

The planner will then plan the route of the designated aircraft type

and mission using the basic procedures for iteractive manual optimization (IMO)

and/or operator aided optimization (OAO) as described in Subsection 2.1. Addi-

tional features in the fieldable version of ASPS are:

1. The planner may designate a point along the route where an
anti-radar missile is fired.

2. The planner may designate a point where a refueling takes place.
The computer transfers an amount of fuel to the attack aircraft which is lesser
of (a) fuel needed to top off the attack aircraft or (b) fuel aboard tanker air-
craft less fuel needed by tanker aircraft to return to carrier.

At any time after a complete route is established, the planner may elect

to see a dynamic (movie-like) replay of the flight over mission time. This will

include the flight of ARM's as well as aircraft. The planner may store a plan

for one aircraft type and begin to plan a route for another aircraft that over-

laps (in time) the mission of the previously planned route(s). The line segments

displaying the geographic route of a previous plan remain on the screen while

the next plan is being devised. When the planner elects the dynamic replay option
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th

after the n mission has been planned, there will be an option to see the
th

dynanc replay of only the n mission or the simultaneous replay of all

missions planned for this map area thus far.

The planner will also have the option to designate a specific defense

site which is to be deleted from the enemy's joint capability. A revised Fig-

ure of Merit (FOM) for the plan can then be calculated and compared to the FOM

when the enemy has full capability. This feature will help in assessing need

or desirability of making a particular site the object of an attack.

2.2.4 Air Strike Target Area Planning (ASTAP)

The basic elements of the ASTAP mode of ASPS are shown in Figure 7. The

air strike planner brings'to the problem the types of data indicated. These

data are mission-specific and must be input to the system to begin the planning

session. The synoptic data relevant to strike planning in general are already

contained in the system bulk memory. It is accessed as needed by the specific

planner-supplied mission parameters. During the problem initialization phase,

the planner is concerned only with tactical variables important to the mission.

When the problem is initialized, the planner begins by asking a series

of "what if?" questions in an arbitrary sequence. ASTAP does not force the

planner to follow a canned sequence of procedures. Instead, the planner may work

through the solution process using the analysis and simulation tools provided in

a sequence that seems natural to him. Aspects of the problem that require more

analysis may easily be given the required attention emphasis.

When a promising plan (or partial plan) is obtained, the planner labels

and stores it for future recall. An ASTAP plan consists basically of the

following:

" Aircraft (A/C) tracks

" Ordnance release points

" Ordnance effects

" Survivability data
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An example of the format is shown in Figure 8. Only a small number of display

elements are presented to limit clutter. Various combinations of display ele-

ments (such as aircraft tracks, AA effectiveness contours, levels of map data)

may be displayed by means of a special function key.

Dynamic replay of a plan shows the relative positions of the strike

aircraft and their ordnance effects (blast debris, wind-driven smoke) in both

time and space. The replay may be stopped at any point to examine relative air-

craft positions, to assess safety aspects and examine potential problems due to

arrikal too early or late by designated aircraft.

Figure 8 is a representation of a strike involving three aircraft paths

aimed at destroying buildings (TI) and a bridge (T2). The target area is de-

fined by two AA installations whose radii of fire at the mission altitudes is

shown. The double tracks indicate above-ground level (AGL) altitudes in excess

of a designated threshold, e.g., 200 feet.

The basic plan calls for the aircraft along Path 1 to arrive first, stay-

ing outside the AA radii as shown. The predicted pop-up and ordnance release

points (black squares) are computed by ASTAP using planner input/deployment ma-

neuvers, aircraft speeds, ordnance type, and approach heading. The AA installa-

tions will have their attention diverted when aircraft along Path 2 do a pop-up

along the ridge and first hit AAI. They continue along the shown path to neutra-

lize the AA2 installation. The aircraft whose prime target is the bridge (T2)

will follow closely behind. The intention is to time the strike so that the

Path 3 aircraft are close snouh to help swamp the air defenses, but not close

enough to interfere or be exposed to interferences by the blast and smoke of Path I

aircraft. The adequacy of the specific attributes of the plan are determined by

the planner during dynamic display. Modifications to the plan are made to study

the sensitivity of any part of the plan whose successful execution is dependent

upon executing the plan within a timing or navation accuracy window.

This brief description gives just a limited glimpse of the possibilities

of this concept. A partial list of ASTAP functions and capabilities is in Table 4.
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*Weapon Release Point

'~AA Limit

o Visually Significant Point

NOTE: This shows examples of all the types of displayed information.
They would normally not all be displayed simultaneously.
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Table 4. ASTAP Functions.

" 3D path simulation from "distilled" large scale models and test results.

" Ordnance release point computation

" Ordnance effects computation

* 2D A/C path designation input and replay

" Survivability computation as a function of A/C paths and AA types and
locations

" Computation of sighting data (ranges and bearings) to operator-designated
points to coordinate target area navigation

" Computation and display of AGL values as a function of designated A/C
speeds, horizon plane tracks, and type of ordnance deployment maneuvers.

* Computation and display of ordnance CEP's as a function of attack parameters

" Computation of fuel consumption as a function of changing drag count and
A/C kinematics

" Dynamic replay of current and stored alternative plans with stop-action
and add-on analysis capability.

" Automatic monitoring of user input constraints and constraint violation
alerting
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2.2.6 Hard-Copy Outputs

The planner will choose the preferred plan from those analyzed at the con-

clusion of a session with ASPS. The user may request a hard copy of the plan

elements in the standard format on a knee-pad-sized sheet of paper. The printed

output will include at least the following:

# Geographic coordinates and time of arrival at each turning
point on the path

9 Speed and altitude for each path leg

* Geographic coordinates, time of arrival, and altitude at
a refueling point

* Loadout of weapons and external fuel tanks

* Coordinates of ordnance release points
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3.0 INVESTIGATIONS OF CRITICAL ASPECTS OF ASPS DEVELOPMENT

Creation of make-believe terrain is acceptable for a laboratory

version of ASPS, but a fieldable ASPS must use terrain data from real maps.

Consequently, ISC conducted an investigation to learn how digital terrain

data might be obtained and what algorithms are available for performing certain

calculations on such data. The results of this work are given in Subsection

3.1.

Our ONR sponsor and air strike planners consulted by ISC expressed a

strong preference for low-cost, highly portable ASPS hardware. ISC investi-

gated desk-top, stand-alone computer and display systems and systems consisting

of separate, but highly portable computer and display subsystems. The results

of this work are in Subsection 3.2.

3.1 DIGITIZED MAPS

There are basically two methods of obtaining digitized terrain data:

1. The do-it-yourself method.

2. Use of digitized map products from the Defense Mapping Agency

(DMA).

The first method is simply manually recording the terrain properties of a region

on a cell-by-cell basis according to a predtermined data format for each cell.

This is the only method available if DMA does not have a digitized map for an

area of interest and the end user needs the map before DMA can meet a request

for it. The Marine Corps training unit that operates the Tactical Warfare

Simulation, Evaluation, and Anlaysis System (TWSEAS) at Camp Pendleton occa-

sionally does its own digitizing of maps which are used in TWSEAS.

DMA digitized map products are derived from the Digital Landmass

System (DLMS) Data Base (Reference 5). This data base is collected at two

different levels which are defined as follows:
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Level 1

I. Terrain: Relief information in DMA standard digital format

with each cell three seconds of latitude (303.81 feet) by three seconds

of longitude.

2. Cultural features: A generalized description and portrayal, in

DMA standard digital format, of planimetric features. TheLevel I data base

is intended to cover large expanses of the earth's surface and has relatively

large minimum size requirements for portrayal of planimetric features.

Level 2

I. Terrain: Relief information in DMA standard digital format

with each cell one second of latitude (101.3 feet) by one second of longitude.

2. Cultural features: A highly detailed description and portrayal,

in DMA standard digital format, of planimetric features. The Level 2 data

base is intended to cover small areas of interest and has small minimum size

requirements for planimetric features.

An important consideration for ASPS development is the availability

of already-developed computer programs for calculating topographic contours

and for calculating masking effects of terrain around a given point. DMA

has two applicable programs. One program, filed as "ULB 427" at the DMA

Aerospace Center, St. Louis, accepts the DMA standard format for digitized

terrain elevation data and produces a topographic contour map of the area. The

other is a subroutine called "RTMASK" within the program filed as "ULB 437."

RTMASK uses the output of ULB 427 and produces a plot that, given an observer's

geographic position, will indicate the visibility afforded to that observer.

Information supplied by the DMA Aerospace Center led to several other

sources of algorithms for calculating masking effects of terrain. One of

these sources is work done by Pattern Analysis and Recognition Corporation,

Rome, New York, for the Rome Air Development Center. Reference 6 documents
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their two FORTRAN algorithms for determining what areas on the ground are

not detectable from an airborne radar due to terrain masking. I One of

,the algorithms uses a perspective projection approach and the other uses

a ray tracing approach. DLMS Level I data from DMA are the input to their

algorithms and the algorithms account for the effects of earth curvature and

atmospheric refraction of the radar beam. Core requirements and execution

speeds on an XDS Sigma V computer for several sizes of geographic areas are

given in Reference 6.

Lincoln Laboratory at the Massachusetts Institute of Technology has

a set of programs for calculating the effects of terrain masking on ground-

based radars (Reference 7). These programs are written in PL/I for execution

on an IBM 370 computer; they also use the DLIS Level I data as input. The '

terrain elevation data in the DLMS data base is converted from its matrix

form to a polar form centered on the radar site. This is done for each eleva-

tion in the polar grid by interpolating from the four nearest elevations in

the matrix grid. One drawback to the use of polar representations of data

is the reduction in the density of data points as range increases from the

origin. Compensation for this is made by increasing the azimuthal density

of data points as range increases from the origin. The program then does

a simple geometric calculation to determine those points in the polar grid

for which the radar's line of sight is blocked. Inputs to the program include

radar antenna height above ground and aircraft altitude above ground level.

The program also accounts for earth curvature and atmospheric refraction of

the radar beam. Program output indicates for each point on the polar grid

whether or not the aircraft is masked.

Another terrain masking algorithm is available from a large-scale

computer simulation of battles between ground based air defense systems and

several weapons systems. This simulation is known as TACOS 11 (Reference 8).

lIt is clear that, if a point on the ground is not observable from

an aircraft, because of terrain feature obscuration, then the reverse is also
true. Consequently, these algorithms are applicable to the problem of calcu-
lating terrain masking from ground defense sites. Radar refraction/ducting
effects are not considered a significant advantage over visual reciprocity.
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It was developed by the U.S. Army Combat Developments Command Air Defense

Agency and Braddock, Dunn, and McDonald and it runs in FORTRAN on a CDC 6600

computer. The terrain masking algorithm is just one of many routines in

TACOS II. Input to the algorithm is a matrix of terrain elevations taken

at 500-meter intervals along each row and rows are spaced 500 meters apart.

(This is not DLMS data.) The algorithm calculates the "Dominant Mask Function,''

i.e., the region of visibility within an air defense site's maximum range.

On each radial from the site, the algorithm finds the elevation angle to each

visible ridge and determines the ground distance beyond each ridge and along

the radial where masking occurs. Figure 9 illustrates the idea. The algorithm

accounts for curvature of the earth.

RADIAL

DEFENSE FIRST SECOND

SITE RIDGE RIDGE

MASKED

REGION

Figure 9. Illustration of a Masked Region Along a Radial from a Defense Site.
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Thus, the results of our investigation of digitized maps show that:

1. There is a large and growing body of DLMS Level I digitized

terrain data ivailable from DMA which is suitable for use in
ASPS.

2. There are several existing algorithms for calculating topographic
contours and for calculating masking effects of terrain around
a given point. It is reasonable to believe that alc;orithms
suitable for ASPS can be devised by modifying ones already in
existence.

3.2 INVESTIGATION OF HARDWARE ALTERNATIVES FOR ASPS

ISC investigated the products of 16 manufacturers of qraphics termi-

nals to find the best hardware available for the desktop version of ASPS.

We restricted our investigation to the relatively large firms to better

insure future availability of both service and parts. The major considerations

in our analysis were:

" computation speed

" cost

" coding capabilities

" peripheral availabilities

" expandability of system

" ease of displaying and programming dynamics

* ease of entering map data

3.2.1 Computation Speed

The algorithms that are needed for the optimization modes of ASPS

("Rising Water" and other dynamic programming algorithms) involve a great

deal of computation. Execution speed, therefore, is of great importance. Most

systems which ran only the BASIC computer language were eliminated. This is

because BASIC is an interpretive language, i.e., every line of code must be

re-interpreted each time it is executed and this increases computation tii',?

considerably. FORTRAN, on the other hand, is a compiler language which is

translated into machine language and, thus, each line of code is interpreted

only once.
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ISC previously developed defense penetration planning aids which used

both"Rising Water"and other dynamic programming algorithms. These proqrams

were implemented on a Varian V-73 computer. The execution speed of the V-73

was used as a benchmark to determine the relative speed of the various

systems examined. We wrote a program which consisted of code similar to that

used in the aforementioned algorithms. These programs were run on the V-73

and on the other systems examined. The V-73 executed the program in the

fastest time (20 seconds). The other times are listed in the summary sheets

of each system's characteristics which are shown below.

3.2.2 Raster vs. Vector

Two basic display technologies are available for the desktop versions

oi: ASPS, namely, vector and raster graphics. Vector graphic images are produced

by a "gun" which draws on a tube at very high speed. Raster graphics produces

an image consisting of many points or pixels (currently as many as a million),

each of which may be chosen to be a certain color. Using vector graphics, it

is simple to create symbols and change their location frequently enough to

provide smooth movement on the display. It is also an easy matter to blink

these symbols or change their color. Animation is possible in raster graphics,

but some fluidity of motion may be lost. Raster graphics facilitate colored

background and shading where only lines and circles may be drawn in vector

graphics. We principally examined raster graphic systems since this technology

is more widely used in both the military and non-military sectors than is the

vector-based technology. Also, raster systems currently sell for S30,000 -

$160,000, while the vector-based systems generally beqin at S60,000. Color and

shading provide an important coding dimension, and all raster systems supply this.

3.2.3 Peripherals

ASPS requires an input device which allows the user to designate a

location on the screen with ease. A joystick or trackball is a good choice

since either facilitates a continuous stream of updated locations on

the screen to aid in the updating of a path. Special function keys would also

be necessary to allow the user to change modes in ASPS. These keys would be

clearly labeled, and would have lights associated with them which can be

turned on when activated.
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3.2.4 Map Data

We have explored various methods for displaying map data. One

method requires digitizing map features and placing it in a data file.

This file is subsequently read and displayed on the screen. This method

can produce good terrain detail, but is slow to display and requires an

enormous amount of storage. A second method employs a 35mm slide of the area

which can be displayed through special equipment. This may be impractical,

if not impossible, when the computer does not have the capability to

accept the extra equipment required for this method. A third method is

to store topographical contours in coded form in a data file. This seems

to be the most practical and manageable method for displaying the region

in question and is certainly adequate for ASPS. Using this last method,

the terrain data can readily be held in a data file and displayed equally

well on all systems under review.

3.2.5 Dynamics

The current ASPS work does not require a great deal of dynamics

on the screen. The users need to alter a path which does not require an

extensive amount of dynamic capability. However, the ability to easily

program dynamics may well have major importance for any follow-on work for

ASPS.

3.2.6 Comparisons Among Five Candidate Systems

With these considerations in mind, ISC compared five candidate

systems:

* Tektronix 4054

* Hewlett-Packard 9845C

* Genisco GOT-3000
Megatek 6250 coupled with the Digital Equipment

Corporation (DEC) MINC 11/23

* Megatek 7250 as a host computer
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3.2.6.1 Tektronix 4054. This system is a stand-alone, interactive

graphics computer. The single, compact console consists of a 19-inch,

monochromatic storage tube, a full ASCII keyboard, twenty special-function

keys, two thumbwheels (dials which are used to location positions on the

screen), and a tape drive.

EXECUTION SPEED: The slowest of the four I central processing units whose speeds

were measured (more than twice as slow as the MINC 11/23). The speed, however,

would be sufficient for ASPS. Benchmark program execution time: 121 seconds.

COST: The entire system with an additional two floppy discs costs approximately

$30,000.

CODING: The greatest weakness of the system. We found lack of color to be

a great disadvantage. Textured lines (e.g., dot-dash, dot-dot-dash) do not

have the capability of color-coding to convey complex "scenes" of information.

PERIPHERALS: The essential peripherals are built into the basic console.

Floppy disc drives, graphics tablets, and printer can be easily added.

EXPA14DABILITY: Since the Tektronix was designed as a stand-alone system, it

will not accommodate more than one work station.

DYNAMICS: This vector graphics system provides fluid movement of objects.

However, it is difficult to have simultaneous movement of a number of

objects.

MISCELLANEOUS: Editing and programming features are cumbersome and would add

to the programming cost of ASPS if this system were used.

The benchmark routine was timed on the Varian V-73, INIC 11/23,
Tektronix 4054, and H.P. 9845-C.
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3.2.6.2 Hewlett-Packard 9845-C. The Hewlett-Packard (H.P.) 9845-C

is a compact, stand-alone desktop computer with a color graphics raster

display. The standard system comes with built-in hard-copy device, two tape

drives, a keyboard with 8 special function keys (with use of the shift keys,

this is effectively raised to 32), and a lightpen. Additionally, there are 8

software programmable keys which are conveniently located just below the CRT

to allow labeling on the screen. Although this computer may only be programmed

in BASIC, its computation speed is adequate for the requirements of ASPS.

EXECUTION SPEED: Half as fast as the MINC 11/23, but adequate for ASPS.

Benchmark program execution time: 86 seconds.

COST: This system with two floppy discs costs approximately $46,000.

CODING: There are virtually an unlimited number of colors available of

which 16 may be used at any one time. The resolution of 560 X 455 provides

more than sufficient clarity for ASPS. Shading and filling of polygons

is easily accomplished in the software.

PERIPHERALS: Floppy disc is available for an additional $5,000. A trackball

is not available from Hewlett-Packard, but may be obtained from a second source

for $3,000-$5,000. A graphics tablet is available from H.P. which can be used

in place of a trackball or joystick for about $3,000.

EXPANDABILITY: This desktop unit was not designed as an expandable system.

Only one work station could be supported from each computer.

DYNAMICS: The lack of easily programmable dynamics is a disadvantage of this

system. None of the demonstration programs by H.P. showed any dynamics. This

capability was not of high priority in H.P.'s design and, hence, programming

dynamics is rather difficult and, in some complicated cases, impossible.
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MISCELLANEOUS: The lightpen does not provide a facile means of altering a

V path. The editing capabilities on the H.P. 9845 are excellent and will

facilitate programming.

3.2.6.3 Systems Using the DEC MINC 11/23. The next three graphic

systems use the DEC MINC 11/23 as a host computer (see Figure 10). The

MINC 11/23 can support two display monitors working simultaneously. FORTRAN

is programmable on this machine and good editing features are available. It

gave the fastest result of the benchmark routine of all systems under consid-

eration, about 45 seconds. A fast floating-point processor will soon be

available which will further increase its speed and efficiency. The MINC 11/23

is extremely lightweight and portable, coming standard on a mobile cart

where the components reside. Adding components is very simple and designed

in such a way so that the user can't make a mistake. Data files could be

created on other DEC equipment, such as the VAX, and used on the on-board

system, which increases its flexibility. Also, the software developed for

the MINC is compatible with the VAX.

There are some disadvantages to a component system, such as the

MINC 11/23 combined with display monitor. Having a separate host computer

and display monitor would require separate maintenance contracts and cabling

between the components. Cabling would add a slight cost and get in the way.

The operating system for the MINC is not resident in core, but is read in via

a floppy disk. Much precaution must be observed to protect these diskettes.

The MINC only accepts a Q-Bus connector to its peripherals. Most of the

display terminals reviewed require a Uni-bus connector, but converters are

readily available. The problems of the MINC 11/23 are really quite minor

and would not hamper the operation of the ASPS project.

Megatek 7250 and DEC MINC 11/23. This combination is well suited

for current and add-on ASPS work. The ease of programming dynamics is a

great advantage to this system. The 512 x 512 resolution is quite adequate

IVarian V-73 is not under consideration because of its size, but was
used as a comparison for the benchmark times.
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Figure 10. DEC MINC 11/23.
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for the level of detail required for this project. This system has a pan

and zoom capability built in the hardware. The analysis below is for the

7250 with a keyboard, joystick, 16 lighted function switches, and 8 control

dials.

COST: MINC 11/23 Approximately $18,000

MEGATEK 7250 Approximately $38,000
Approximately $56,000

CODING: Up to 16 colors may be used at one time. Filling polygons is cumber-

some and must be done in software. A hardware fill capability will soon be

available.

PERIPHERALS: Hardcopy device (black and white), data tablet, and pick module

(similar to a lightpen) are among the available options.

EXPANDABILITY: The heart of this system, the MINC 11/23, is well suited for

expandability. Two work stations could be run from the computer.

DYNAMICS: The capability to easily program complex dynamics is the forte of

the Megatek 7250. The data link from the MINC to this display is fast enough

to support independent fluid movement of multiple symbols on a complex tactical

decision aid.

Megatek 6250 and DEC MINC 11/23. This is a cheaper and less powerful

version of the Megatek 7250 combination. The most noticeable loss is the

complexity of dynamics which can be displayed. The MINC talks to Megatek 6250

over an RS-232 interface instead of the unibus. The result of this is that

the complexity (number of vectors) which can be updated every frame is cut

back drastically. However, the dynamic capabilities of the Megatek 6250 are

adeouate' for the current version of the ASPS project althouqh complex scenarios

with multiple objects moving simultaneously might cause some difficulties.
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The 6250 comes standard with a keyboard and joystick. The special

function box is not an available option for this model. Another drawback

of this sytem is that the only available display screen is just 13 inches

across the diagonal.

COST: MINC 11/23 Approximately $18,000

MEGATEK 625 Approximately $20,000

Approximately $38,000

Genisco 3000. This display system is a competitor of the two Megatek

systems that have been previously reviewed. It would require a Q-Bus-to-Unibus

converter to run off the MINC 11/23 computer. This is readily available. There

are several monitors available with varying refresh rates and resolution,.

The 512 X 512 resolution monitor has a maximum refresh rate of 30 Hz,

whereas, the 640 X 480 resolution monitor can be increased to 40 Hz. There are

other monitors available with better resolution and faster refresh rates,

but the aforementioned monitors would be adequate for ASPS. If very complex

movement is involved, then flickering or rough movement of objects might

occur. Also, while moving an object around the screen, a ghosting effect

(i.e., a slight trail of the image being moved) can occur. This is not

envisaged to be a problem in ASPS.

The Genisco system can be programmed by either referencing pixels

(used on raster systems) or specifying vector lines (used on vector systems).

Genisco is best suited for image-processing, although dynamics can be easily

performed, but not with the same clarity as a vector system. For the ASPS

project, the dynamics have a major importance, while the image-producing

capability has a smaller role and, hence, the Genisco 3000 would have more

potential than what is required.

The Genisco 3000 has virtually unlimited color shading available on

a single board which contains four bit planes. A trackball, Joystick, and

alphanumerics keyboard with sixteen lightable special function keys are easily
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added. These special function keys can be used in conjunction with the shift

and control keys to have 64 distinct functions. This system can be expanded

to two monitors, if required.

COST: MINC 11/23 Approximately $18,000

GENISCO 3000 Approximately $25,000
Approximately $43,000

3.2.7 Recommendation

The Megatek displays are more suited to this project than is the

Genisco because of the way dynamics are accommodated. We have not seen

Genisco demonstrations of the type of dynamics which are required for ASPS

and would be reluctant to recommend this display system.

Of the two Megatek systems, we recommend the 6250 if the current

ASPS concept is to be implemented as now written. The 6250 could well

support the requirements of the current ASPS system, but might not be

suitable for follow-on work which involves more complex dynamics. The

7250, while more expensive, permits all the dynamics needed for a tactical

decision aid. The special function key box which is available with this

model is the input device most suited for this application. Of all the

systems investigated, the Megatek 7250 most closely fits the needs of the

current ASPS work, and would not restrict adding capabilities in the future.

All five of the systems examined are state-of-the-art systems. All

except the Tektronix 4054 could be used for the on-board ASPS system.

The Hewlett-Packard is a very impressive system. Its compactness and

easy transportability is a true benefit as compared to multiple component

systems linked to the tINC 11/23. However, difficulty of displaying

dynamics, and the lack of a trackball or joystick make the H.P. a less

desirable system than those driven by the'DEC computer. The expandability

of the DEC computer system may be important for ASPS follow-on work.

-53-



4.0 RECOMMENDATION

Procedures for planning Naval air strike missions are mainly done

by manual processes at the present time. Planners spend much of the avail-

able planning time doing tasks such as:

I. Calculating fuel consumption for alternative routes and
weapon loadings.

2. Measuring ranges and bearings from turning points to radar

significant points or visually significant points.

3. Measuring courses and latitude and longitude at points on a map.

4. Recording a plan on a standard form.

Planners do not currently have the time to calculate terrain masking regions

for different AGL's around defense sites nor are they able to calculate the

effect of terrain masking on the probability of survival. All of the above

tasks can be done by computer software whose use is controlled by the planner.

Development of a highly interactive ASPS is recommended because ASPS

will enable planners to use their time more efficiently than is possible with

current manual procedures and because cost of ASPS development and purchase will

be low. The ASPS concept described in Subsection 2.2 will allow the planner to

do all that is currently done in much less time per planning session. Alterna-

tively, with ASPS the planner can evaluate many more alternative plans in the

same amount of time that is currently used per session. Further, certain ASPS

features will enable the planner to do analyses that are not practical at

present. An example is the quantitative evaluation of terrain masking on

alternative plans. Another reason why ASPS will be attractive to strike

planners is that it is essentially a powerful calculation and display assistant.

The planner's judgment and reasoning is in control throughout the planning

process; ASPS is not configured to force any take-it-or-leave-it decisions

on the planner.
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Cost of ASPS development will be low for several reasons. The state

of computer technology is advancing so rapidly that exceptionally powerful,

low cost desktop computers are just coming on the market. (An -xample is

a desktop VAX computer made by Digital Equipment Corporation; this model

will be available early in 1982.) The Land Minefield Planning Aid System

(LAMPAS) is a Marine Corps program which is taking advantage of this advance

in technology by incorporating sophisticated models in a desktop computer and

display system. Consequently, our judgment is that hardware cost for a

production version of ASPS would be only about $60,000. There are two other

reasons why cost of ASPS development would be low. One is that much of the

design work has already been done. The other is that much of the software,

including algorithms for determining terrain masking around defense sites,

has already been developed.

This is a non-GSA price for a single unit.
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APPENDIX A: SOFTWARE STRUCTURE

A block diagram of ASPS's modular software structure is given in

Figure A-I. For each box listed directly below the "Director' routine,

there is a special function key as shown in Figure A-2. Routines indicated

by boxes below the first tier boxes (special function keys) are manipulated

through displayed menus and use of the ACCEPT and REJECT keys, number pad

and/or trackball. The software implementing each function is self-contained

to facilitate modifications, integration of new functions, and understanding

the flow. The Director guides the top level flow of the program to the

proper subroutines and ignores improper or untimely commands. Only those

special function keys which are lighted at a given time are active. An

example of an untimely command is attempting to change a path before a

path exists. If no path exists, the"A CHANGE PATH" key is not activated

(lighted).

The program consists of three overlays. When going between overlays,

the flow always goes through the Director routine. The Director guides the

flow to the proper overlay when the user presses an activated special

function key. The three overlays contain modes which correspond to the

following special function keys:

Overlay 1 Overlay 2 Overlay 3

Director Change Path Contours

Exit Significant Points Evaluate

Recall Launch/Target/Recovery

Store Optimize

Each mode has a specific task to perform and is entered via the

Director. The user should know the purpose of each mode and how it is used.

Instructions and a title for each mode are shown on the display to aid

the operator. The subroutines "Evaluate" and "Optimize" do not currently

perform specific mathematical computations. From each mode, the user can

easily return to the Director Mode.
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In addition to tile modal keys, there are two special function keys

used as aids for the operator, namely DECLUTTER and RANGE/BEARIJG. The

DECLUTTER key allows the operator to call up or delete the display of

significant points, defense capability contours, or both. This key is

active while the program is in the Director, Change Path, Significant

Points, and Launch/Target/Recovery lodes. The RANGE/BEARING key allows

the user to get a range and bearing between two points. It is active

while in the Change Path, Significant Points, and Launch/Target/Recovery

Modes.

There is a bookmark routine which identifies and allows for the

erasing of contour entities from the display file. Each time the Contours

Mode is called, the previous entity numbers used for the contours are

eliminated from the display file and then reused. The bookmark routine

is not used when the DECLUTTER key is pressed to make contours disappear

and reappear. The bookmark routine is only used when entering the Contours

Mode. This allows a variable number of contours to be drawn and allows

a variable length for each contour. The display file will not contain

extraneous contours and, hence, the program runs more efficiently. All other

entities have fixed length and are identified in the subroutine ''Setup.''
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APPENDIX B: DATA FILE STRUCTURE

The bookkeeping of the work done on ASPS is stored on disk in the

data file "Admins." This is a data file which keeps track of the following

information:

1. Number of maps and scenarios available

2. Last map and scenario recalled

3. Current scenario being worked on

4. Figure of Merit value for each scenario

5. Optimal scenario for each map thus far.

A description of the contents of the Admins file is given in Figure A-3.

For each scenario, there is a disk file with pertinent information

to be read into the Master Data File (MDF). The MDF is set up such that the

first fourteen words are pointers to their respective sections. This was done

to allow maximum flexibility in the MDF array. Figure A-4 shows the MDF

header with its set of pointers to specific locations within the MDF.

Figures A-5 through A-13 describe each section of the MDF.

Some of the entries in the MDF are fixed, while others are supplied

during the execution of the program by the operator. The permanent features

include terrain, sensor positions, SAM site positions, AA site positions,

origin and scale, elevations and character strings, and all defense capability

contours. The information supplied by the user includes VSP/RSP positions,

stores being carried, and the flight path.

The contents of the Admin file prevent user access to a Master Data

file until a scenario has been stored in it. When a cenario is STORED by

the operator, the Admin data is updated, but not stored onto disk until the

operator presses EXIT.
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Element
No.

No. of Maps

2 Last Map

3 Current Map Map Information

2O

21 Available Scenario

22 Last Scenario

23 Best Scenario to Date

24 FOM Soln Scen I

25 Seen 2

Map I

Oescription of Element Numbers
Map Information 

1-20

Map I Information 21-45

45 Map 2 Information 46-70

Map 3 Information 71-95

46 Map 4 Information 96-120

Map 2

NOTE: This file is located in thc
70 named common area

COMMON/ADM I N/I NFORM (120)
71

Map 3

95

96

Map 4

120

Figure A-3, Contents of Admins Data File.

-64-



1. Terrain pointer

2. Sensor pointer

Surface to Air Missile

3. (SAM) Pointer

Character string and

4. elevation pointer

5. Lat., Long. and Scale pointer

6. RSP pointer

7. VSP pointer

8.

8. Path pointer

9. Stores pointer

10. Sensor Contour Pointer

11. SAM Contour

12. Anti-Aircraft (AA) Contour

13. (AA) Pointer

Scratch pointer

Figure A-4. Data Format of the Mlaster Data File Header.
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MDF(1) Number of terrain features TERRAIN HEADER

MDF(1) +1 Terrain type

Elevation

Declutter Priority

Number of points =m

xl TYPICAL TERRAIN BLOCK

Y1

x2

2

xm

Ym

Figure A-5. Terrain Data Formiat.
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MtJF(2) Number of Sensors =L

SENSOR HEADER

Bit code for active sensors

X.
>SE14SOR BLOCK = I to L

(a) sensors 1001112 = 39 mieans sensors

1, 2, 3, 6 are active

IIDF (3) Number of SAMS =M SA1 HEADER

x.
SAM BLOCK I to M

Y.j

(b) SAtis

MDF(4) character strings 11I

i 1 to 11

________________________ if NUM > 0, display NUH

NUH if lUM .-O, display character

(c) Character Strings

Figure A-6. Sensor, SAN, and Character String Data Formats.
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MDF(5)]a.imiue

in nautical miles

(a) Latitude/Longitude Format

MDF(6) Number of RSPs= N RSP header

Xi
I to N

(b) RSP Format

MDF(7) number of VSPs=M VSP header

Xi i =I to M

(c) VSP Format

Figure A-7. Data Format for Latitude/Longitude Position
anid Significant Points.
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MDF (8) 1 No. of Legs =N

2 N.o TagtNodes Header

3 (notused for now)

4 X - 1st Node

5 Y - 1st Node

(Launch) 6 AGL - 1st Leg
1st Node___________ ___

and Leg
7 Sped - 1t LegMaximum of 10 blocks :

each with 5 words per
8 Drag - 1st Leg block

9 X -2nd Node

IPATH (Entity 300)
10 Y - 2nd Node DMIAH=5

2nd Node 11 AGL - 2nd Node NOTE: This information is placed
and Leg in the IPATH array found in the

12 Speed - 2nd Leg common area:
COMMON/ROUTE/ IPATH (65)

13 Drag - 2nd Leg

14 X - 3rd Node

3rd Node 15 Y - 3rd Node
and Leg

116 Speed - 3rd Node

Nth Node
and Leg

Recover X -CoordinateFia 2wod
Node 5NI Y-Coriaefor Recovery

5(~) V-Codnt Position

Figure A-8. Data Format of Path Information.
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MDF (9) No. of 500 lb. Bombs

1000 lb. Bombs

Missiles

Fuel Tanks

Figure A-9. Stores Data Format.
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Each word is a pointer for each AGL and for each sensor and composite.

MDF (10) Contour Pointer for AGL I

AGL 2

COMPOSITE
CAPABI LITY

AGL 3 CONTOURS

AGL 4

AGL I

AGL 2

SENSOR fr1

AG 3CAPABI L ITY
AGL ~CONTOURS

AGL 4

A G L 2S E N S O R 'N

AGL 3
______________________________Where N =MDF(MDF(2))

AGL 4 
I

Figure A-10. Data Format of Sensor Contour Pointers.
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For each AGL and each Sensor(including the Composite) the format is as follows:

No. of disjoint figures = M

No. of points in figure I = N

xl

Y
1

X Nl

xNii

No. of points in figure 2 N2

xl
Yll

x

xN
-72

No. of points in figure M = Nm
xm

x N
m

Y N
M

Figure A-11. Data Format of Sensor Contour Points.
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MDF (11) RADIUS OF AGL 1

AGL 2

SAM capability is SAM k11
mdldas a wide-angle AGL 3 CAPABILITY

cone with apex at the CNOR

site.

AGL 4

'Radius"means horizon-
plane radius of SAH AGL I
capability at AGL
elIeva tion.

AGL 2

SAM 1,12

AGL 3 CAPABILITY

CONTOURS

AGL 4

RADIUS OF AGL I

AGL 2
SAM #/N

AGL 3 Where N MDF
(MDF (3)

AGL 4

VF(qure A-12. Data Format for SAM Contours.
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MDF(12) Radius of AGL I

AGL 2 AA 1

AGL 3

AGL 4

AGL I

AGL 2 AA -'2

AGL 3
AGL 4

SRadius of AGL I

I! ~ AGL 2AAi

AGL 3_ Where N

AGL 4 MDF (MDF ( 13))

(a) AA Contours

MDF(13) Number of AAs = N AA Header

} AA #1 Location
y

1.1 AA # N Location

eNs where N = IDF(MDF(13))
(b) AA Locations

Figure A-13. Data Format for AA Contours and Locations.
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AsilS M L'i(IvLR

RACE I MPLEVI VC'FTXII FTII IV(O' 002"2 HC'UF3

ICOtINi(uN R-[ 14 FtCWFY'I 120)
2 CDIII 1211' '3,TEFP/ 1F-(i1

-ii r. JATT !.I IJ ri f-) C- U

L.*jY LL I

r -; 17 , T. I

10 lji .1. 1 Ti t C 1 :1 TCI0,( t'C c 't x

Li PF' t Tr'-

CIi L, tl T,.,h 1. 0"! 1:1

It i~ . t, I 2-76- .



PAGE I NrLEVI VORTXI I FT1h Iv'CU OCQO HOURS

1 Sl. n- I p nTfH NE13)EN'..'DI IE)
2 C SUEFODUTIME %%P- i!'lD (LY3F-R THE: ODDITI10H OF HEW UOY PO1IT?. A

*3 G flIXILEI OF 10 [.V0'' F01rrrs ArsFEL ALLOUED (414O A NODE CfONVJO4T PE&AD
I C BEYOND THE REOVERY P-OIT.
S C
G C NODE - THE NUIlEER OF THE NODE TO PRUCEED THE HEY NOPilE

* Tc
Z32 Cui1,i014 /ROUTE/ IP4TH(GS)
9 IF (IPATH(1) EQ. 10) GO TO SOO
10
11 C CALCLATE TIHE STAPiRTiI;G COOPDIIIATES OF THE HEW NODE
12 IF ('IS CM:ODE-
13 IX"IIW =FLO) iT( ImTH( IF'CE--7)±IPPTH( IF'OS+1D))/,2.
1.4 PIEY LiT 3H WV+1)+F0H R~' 2
is
113 C CHEC K IF THY IT'. OF THE HEY HO0E T'u THE PCEEED'.E rvicT TS ITTHIPi
17 C 10 LU ITS. IF I;'1E 'F t I W HClODE WILL NOT ','E ADDED WiD I) NEXO IAILU rE4
12 IF GIEitJImHIO) T. 10.) GO TO SO

20 0C'

21. C EYPtID IFkFH AFFR.3Y TO I1&*VE RmOO FOR THE NEWd NODE
*22 S0 JEO-'S = (ImTHW1-l4DV;1:2

£3 lEN = Gim TH':1)-iG
24 DC' 100 J=1,JPQS-,
23 IF I3TH( IVIID4f-J) =IPO)THCIENID-J)
20 100 CONTiN Ur
70

r 23 C Il-)rFUOAE TI 2 TriTmL ri;-'HERl OF HODES COUNTER riND (IF FSfl)
E' THE FCc ;TVl' !-IF THEI Tt'i PiTT NODE

C. FIlUI r 1 17flI''.,l I 01D fl T DEEtiULT VOWES!-C FOPRlI ,it :D, SrPD

7!, 1K ;T-i y

C TRYT: li' TOl *-rn ri o F TOTO CLOSE TO CUFPCYNU;,DT14G NODES
*1 400 C-LLL 5Ff i;"13 (2)

42 GO0 TO ShlO
43
414 C TRYI111 TO CuiD NDEJE THA3N 10 NODES.
4Is* 500 C(3LL SF21 iSO (1)
4G3 q 50 C.HLL T 7H

49- COi-LL G..YT7(0, 0)
SO FEKURI]
si ENDIT

0 ERRORS COIF'ILAT ICOil COItf-LE rF
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fl~k~ 1 lirI F 'I \C!Zfl.T T Fill IV ( CN I V 2

*7-1 r,;-T3 ."T

SJF 1h ; i~t' [U )a TO I

P 10
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F PAGE I rIPLEVI VORTXII FTN IV(G 00-^0 HOURS

1 SUBPOUT Ill FLAST
2 C SUP,:m,-UTIIIE PL(4ST ALLIYUS THE LiSER TO D)LSCRIEE THE TYPE flN'D
3 C Al OL'NT OF S-TCORES THE CiIRCrFT IS CAi-kF{'JH1G. A IIENU O-F THE
4 C TYPES OF SDTORI-ES APPEARS A1ID A HUMBER PAD IS USED T10 DESCRIBE
5 C THE A!'ouNT.

/DIHiErNSIujIJ ItC
aCCIi E;C41 . IF TEPF/ NOR (2100)

9 c mAx is Gi1gM FHA', MAIII- P-OSSIBLE VALUE FOR NOWd. TO BE CHAN'GED
10 DiTA) Hto"/04o ccqn

-- I 11j 1) '' T tl (l 1.F T J 21
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PitEF: 1. Vr'EY7 '.'C"5'T. F11i' i7,'") "" ' "-.:-

. IiVL :1 TIII 0IF (0-.)

• c r't... """ F , e'.i-Fir ,T-'" fr"t ()T LFFT STF OF .r .. ITH '." .

D.' . Fl IT I "r'>11 , 1
t ir r I rF. 1 ' 1 '

I 10)-,T) [- iT '
I t C 1T . ".

. 1, 'E.I I I , 1 "
j''"'

cO L.FtP2R COF; i-.LL.-'TIC.;I CC'l i iF*lIi:'
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PAGE 1 MRLEVI VORTXII FTH I(C) 0000 H(OUrS

1 sUrpPCUTIE CH GNLT(H[ODE)
2 C SLIE2O;UTIN E CN2&ILT AL.LOWS THE USER TO CH~iNGE THE CURENT
3 C ALTITLUDE OF 0 GIVEN LEG.
-4 C NODE - THE NODE tIUIIEP THAT IMMEDIATELY PRECEEDS THE LEG TO
5 C LE CttrJI3ED.

s Cc1il-ri1i /POCUTE' IF'fTH(GS)
9 DATA IALT /250,S(,0,750,1000Q/

13 C BLINK' LEG (IEUI V= ELEMENT # THAT BLINKS LEG)
12 1IPWV 2pP-

1 ('<i.I-L GHuT (

0 -C rTr. AA' C f(1 M TED, (tND FUT I NTOCIF120TH

T'l 11'F

LL. .1 F .;7 1 if

0 LP' S CC,: : LFYV'TI I iC l- r' F-



PAGE I Ii'LEVI VORTXII FTN IV(C') 0001 HOURS

1 s'JProuT'lic C-NGPTH
2 0111011 /RO'UTE/ IFPhTH(GS)
3
4 C THIS IS THE DRIVIG ROUTINE TO A~LTER Al ROUTE
S
6 D)l :fl4 IC111'.'PTJ)

7 II ITEGEI- T;Rr lOP

C0 LIRITE YHEFIEAECUTS
11 LCHrIC'-D=1
12
1:3 10 CO-LL SEu40DDD; l 'l)
1.1 C N*LtUt-0IS UTELD To EXIT THIS ROUTINE
Is IF (rC0lUI1 E0,~ 0) GO TO 100

17 TWIfll0DtIFP )TH(2)

19 I F ( 1 0DPJU:I . E 0. L lC( D, OR . NO0DI, I .EQ. TiRNO D P NODE=2

2!l C IJEITE OFTIAWC III THE MIENU
22 CALL CF T UlOt

24 C IF THE L(11210- 11CIE OR TP.RGET NODE IS CHODEN USE A DIFFERENAT MENU4 2~C SELCF 1 i1EilU

27 I1 I (110E, , 2)4~11-:LFTS = 3
273 Cc' LL'r.CUIPE IT
2?9 C V'F 1 YtCYE If1-biT T11E PE'rUPI, KEY JOE) HIT IN SELE-CTr

7" II i F1.F' 0"' 11-1 TO PT
I V WV TiT)

ro T1 : r ;-'*1* 1 )71. ~ 0 iH)r"r4

Ti j j.I 1 T

rI -,I ' I1 ITI i -II ' T I
IF( L(Y V. OP 11 A.

0 ifJ'r ., *.,,wr ..''X,,LL [ ~ t L I
-IGO0 TO 10

412
413 100 CPLL GU'P (1,-1,0)
414 CALL LI1! If*IK

46 OW 4L GCYT (0)
43 C,(Jt GFC1'2( 10)
419 CCCLL IEt,(193)
SO FETFUR!I
SI Ef D

0 ERRORS COIlIPILgTIC~hI 00! ~iiFLETE
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ItC 1 IIEVI VOPTXII FTN IVtG) 0001 Hour~S

2 C £LPIEP'AJTI Fl, orrr rL-Lou THE USER TO CHAl4GE THE CUPFITV
3 C SPEED OF F) iiIIl Li,
*; C HICIDE - 11-1- Iu()E: Wi-PE THOIT IM1IEDIATEFLY FFECEEDS THE LEC, TO
S C BE CHGI l ED

DIIIEI;:111 ISrD2*4)
3 11-4f 1i ,FUiE, E 'OTHtGS)
9 DAtTA ISRD o,3C,2010

10
11 C BLIJIK LEG (IIJLtlK ELEI'ENT It THAT ELThKS LEG)
12 TIU fK r! GfllICE FYI
i3 C T-L GtE(7

I i.

tillt IfC ]t IjP~

I LI' I i i I"

1 .1* 1 TVtC --1

ifI iAf

0 IJF7-C'S C-C~i V LfiTT1. o; iD-i;.-:)LF1 I:
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POAGE I IIPLEVI VOPTXII FTH lYCO) 0001 HOURS

1 LUPPOUITII 1 CIM4TWPI
2clcI- i; rIsFIFi 00 OK. 2

O3 ;c',; 4 /iih CJFEP.' 1'WV(2-100)

S C ALLOY1 U C'F- TO cA.IRO FT ACNIOP ~D AG
G IF Ut CIP(1 E. r~C) OLL ErIP,[PR2 lR, ) iFP )

IE14T = S
9 GRIL-L TCF1- 0 1-G (9)

10) Ct b' CR19 .1 lUG?()
11 OWLL SCL[CT '.5, IUI-CH)
12 C4 -L iUI(
13 C('iL GECHCI.IGT1)

is IF (IT-'-L LE. O) GO TO 500

17 C DISPLOY SEI!.- P 'HTQLIFUS
IS IPTR rIi 11.F 1
19 IF (IIUH H El) 2 ClP. IYH- EQ. 5) GO TO 200

2' IF (ILit' [0. *1) GO TO 400
21 r F) =[IIF0 'F (2)
-E DO 120 J -I ,HO

23 ['I'Trlr = 11DK( IFTR+I!GGL +4.1i
2-1 IF (11.1k H-. EQD. 0) GO TO 120

Cot-b SF1401 IT (14X1-11P,lIEIIT)
G~ 120 (17;c

27 IF '.IlJiXH ME . 3) GO TO 5(0
L" C DIEF'Lf',' St,,! o FCC I'RS

2§ 5 O 20 FTP = iFi

'1 1 T lIf'Fr TFL
I r T': I tTI

'I 1 t-'TI T IY

r I I ' I r'1- 4;-5

d L IF NI'. E, 5) CO0 TO 0

C1 DISI-L-Y CC'-4 C'EITE EL ClH7OP CIITOLIR
41400 1 T P =1 0

-is I1 ( FT.P r tlOF IPTF4 )-'L~-1)
'13G IF (rEKTF'TF .El-. Cu CC'. To S00

47 C~bb FF116 c-EICT(1fITIEl
411 £00 !1:-FK',1) =1MIT
49' C&,-lb C'l G(1
£0 C(LL T:1?'i IVU
El1 CiLL (.EYUF (110±-IY.HC:H)
£2 F'ETUR' I
53 EflID

0 LRROR.IS COIIRILOTICl I COMPLEFU:TE
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PAGE 1 rTRLEVI VOPTXII FTN IV(G) 0001 HOUrS

1 qlIPJ3KIIT lIT CrT011M II1I '1
2 C CHASE i'TH HELL'U

3C IF lI -L Er 1 TI l LI-T ru.. S- OPTIONS IF II1'0E=2 TI-F!' LIT
'I1 C G41LY THE THREE O-PT!GIIG RIVAILOEBLE FOP LrUT,- 1W lD TOf-tETGL TIODES

G CGRILL GI-ILT
GO) TO(0,10,30,7020,2030)OE

2i C FOR HIODES 1 r1iDr 2 ['ISPLOrY PAT1H C'PTIOITS

12 IP(HODE D.0.2'GOD TO 500
13

is L~~JI TE(Ia S,112

1 OWC~'L 14 1ij L r-)

il? WIRITE (IS,- 114

F.,I LNTf, I~ S,)
2c, 111 FCl1VT C 0l ' HOLE'
23112 FC'?f-IIH f' DELEE t GEDE'

2-I 113 Pull-' I ii'VE HOIILE'
E.14 Fri;rCI-5 L-EO SF-FED'
2G. 115 F'w[-i IAT ~ 'CH ,1E LEGRLIUE

G 0TOl'l;T

20500 CtE +CH(12
LIHLE '1 '1l t S

CFOR ' IT Pl-F RID, cFPEED OPTIONS

4Th I- C III .(,I

IL 1-, 1LL ' - )I

4-4 IC00 F--' f0~T (.cTrEED I =2300 IKOTS')
45 IG01 i F'' I1HT C I='3'
4C 1C'>2 F' Ri-iT C- III =420,')
417 1603 F''F117VT P = U 3-

-19
SOi C FOP liriE. ISPLOV Ii' L OF-LLGNS
St 700 ("tE -r (It' fl

52 '')RITE I~1
£3 GRLL G '1 (1 G)

54 blFITE (15,17031
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PACE 2 '1FLEV I yOPTgI I FTU IV(fl) 00 O

SID 17(,,t FO-Vt i,)* . w I 21xo FEET'I
&) 170'1Fiit'- IT Q)

.l1N~ Fl4WY ( ] 7(

13 G'? Tl- 2~Cfl

2 ( lUDE PICFL4.i' STOrE (:ijPTIOj(lS

'OFIlE 'IC)

G It iT ' E 1 [U L0
7t) C)' 'H (11 ri.

',-L t.;U'. IlL [ 1
7 2i~ I,-L 1 ;I 0

L. II TE IL Vi
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.0, lw',4 r'qt !;iT ( Ft ti Ti l(S')
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PAGE 1 rIPtEVI VORTXII FTH IV(C) 0002 HC4JrS

1 EJJVC.'UTIPU LOLVIY
c F LOGS3/LuEc9):PT9LEH 2IOJ()

4j C LEVEL 1 TFrJYiIrl LYE Sc CITCIIj:;n
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PAGcE 1 I'1LEVI VORTXII FTN IV((,) 0003 HOURS

1 SIJBROUTINE E'RECTR
2
3 C THIS ROUTINE Irr-cRrs THE USER OF THE OPTIONS AVAILOPLE
4 C BlY TURI 1114G C14 THE LIGHTS OH THE KE'YS. WHEN (VI OPT lC11I 141; EWE
S C ISELECIED IFL-C1J 1 IS SET TO THE OVERLAiY NUIER 011D IFL§It,.(2)
G C IS SET TO THE PROUITRIE IIUHEER
7
S IfiPLICIT INTEGER' i-C:)
9 corn ion, /l;HS6TErV IT[F (2-100)

10 C01-I1J011 ,FLriG'-' LtICPEC(9) ,RXPT (9), LSLICH (3), 1 FLOWUCS)
11 PEriL PXPT
12 LC'GICf L Lc !ICH
[3 LCOGIOCL IAC-gITH
14
is CAiLL 1,1, a
113 VLUI'ITE=4
17 OPFTIN -=
113 STOR E =11
19 [DCLTEF'-- 12
20 cr TOUP 13
21 OCPH

22GETE" 21
*23 GETL TPFCA

24 FEC&LL1U=29
2S EXMIT=3I

1 ILP1I:'TH= . RPLSE.
22IIDF (i1DP(F C) EOO)N-ATH=.TRIE.

30IPWM, 7TH)OFILL Lci;PSC1TP_22 SC0)
21 IF( .1 CT . I4OP4TH)OriLL LAHF'NP C 7,43,EG,43)

33 10 GCOLL INJlTHT EY
IFNeY ErO 1ItGJ TO 10

I P Th Ti ~ TO 1,70
110 1 7 ' t, -- TO 10

'41
42 12 IWEYr2nFI0C TO 12:0
43 IFUKllC'rHI'of TO 120't
4- 1 II ( I)I= '3
'Is lFLuI.J(2) =S
'1G GO Tu 900
47
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